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Abstract  
A project has been conducted on an indirect natural circulation solar water heating system which is hung on a simulated balcony 
wall in Lianyungang City in the east of China. In the solar water heating system, the flat plate collector has an inclined surface of 
70°. Tests and analysis have been carried out to obtain solar heat gain of the system and the heat loss coefficient of the storage 
tank under sunny weather conditions in 2013. The results show that annual solar heat gain of the system is mainly affected by the 
irradiance and the ambient temperature, and the storage water temperature drops less when the ambient temperature rises, but the 
average heat loss factor is nearly unchanged when the ambient temperature changes. In addition, there is almost no influence on 
the heat gain of the system if there is a reverse slope in the circulation pipeline.  
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1. Introduction 
The test and TRNSYS simulation analysis of components and systems of a flat plate solar water heating system 
with natural circulation have been performed by Kabariti et al [1]. Belessiotis et al. [2] analyzed theoretically the 
thermal performance of a flat plate solar water heating system with natural circulation. Jian Yang et al. [3] studied 
the thermal performance of a flat plate solar water heating system with natural circulation by theoretical and 
experimental analysis. You-gang Zhang [4] studied theoretically and experimentally the thermal performance of a 
flat plate solar water heating system with natural circulation and with indirect heat exchangers. Shah[5]studied a 
vertical heat exchanger with inlet position located at the top of the tank, and the results showed that this kind of 
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structure can realize temperature stratification inside the tank. Zhi-yong Zhou et al. [6] studied the influence of heat 
exchanger coil area in the storage tank of an indirect type natural circulation flat plate solar hot water system, on the 
thermal performance of the system using TRNSYS simulation for hot summer and warm winter conditions. The 
dynamic characteristics analysis of thermal performance of a forced circulation flat plate solar hot water system was 
performed by Xue-gui Qi et al. [7]. At present, the research on thermal performance of an indirect type natural 
circulation flat plate solar hot water system hung on a balcony wall has been carried only for the short-term, and has 
not yet been systematically researched for the whole year. 
In this paper, the indirect type natural circulation flat plate solar hot water system hung on a balcony wall was 
constructed on a test platform. The method of the test was adopted to study the thermal performance of the system 
throughout the entire year. The work provides experimental data for further research using the TRNSYS transient 
computer simulation. 
Nomenclature 
cA    Contour aperture area of collector, m2 
G    Hemispherical solar irradiance, W/m2 
LU    Overall heat loss coefficient of collector,  
W/(K·m2)  
aT    Ambient temperature, °C 
v    Wind speed, m/s 
( )tUA   Heat loss coefficient of tank, W/K 
M    Actual water tank capacity, kg 
pC    Specific heat capacity of water, J/(kg·K) 
bt     For heat gain test, the initial average water  
temperature in the tank, °C 
et     For heat gain test, the final average water  
temperature in the tank, °C 
ǻt   Heat loss test, water tank temperature drop, °C 
H    Inclined surface total radiation, MJ/m2 
aH Horizontal surface total radiation, MJ/m2 
sQ    Heat gain of hot water system, MJ/m2 
wU    Density of water, kg/m3 
sV    Actual volume of storage tank, m3 
W'    Time interval, s 
it    For heat loss test, the initial average water  
temperature in the tank, °C 
ft    For heat loss test, the final average water  
temperature in the tank, °C 
(av)ast  For heat loss test, average ambient  
temperature, °C 
SLU    Average heat loss factor, W/ (m3·K) 
Greek Symbols 
dK    Average thermal efficiency 
D  Absorption ratio 
H  Emission ratio
2. Test setup and procedure 
2.1 Test setup 
The experimental platform is located at 34.5degrees north latitude and 119.2 degrees east longitude in 
Lianyungang, eastern China. The experimental platform is equipped with Pt100 temperature sensors with accuracy 
of 0.1ć, an Agilent data acquisition instrument type 34970A, a solar irradiance meter with accuracy 1% and some 
other testing components. The whole experimental platform was developed by SWT Technology Company and ITW 
Institute together in Stuttgart.  
2.2 Solar water heating system 
The diagram of the solar water heating system is shown in Fig. 1. The flat plate collector absorbs the sun’s rays 
and turns the rays into heat energy, heating working fluid in the circulation pipe. As the temperature of working 
fluid raises, the density decreases slightly, then the hot working fluid in the circulation pipes thermosiphons into the 
jacket and heats the water in the tank. After heat exchange, the cold working fluid flows back to the collector 
through the circulation pipe. With continuous thermosiphoning, the water in the tank will be heated.  
The components and related parameters of the solar water heating system hung on the balcony wall, 
used in research, are shown in the table 1. 
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2.3 Test procedure 
The experimental procedure for the heat gain test of the water heating system was as follows:  
In the morning of sunny days, the tank was filled with cold water at 20ć±1ć, and the initial average water 
temperature bt in the tank was recorded. 
 
1. Water tank 2.Jacket of water tank 3.Polyurethane insulation layer 4.Inlet of water tank  
5. Outlet of water tank 6.Outlet of collector 7.Inlet of collector 8.Flat plate collector 
Fig1. System diagram 
Table 1 Components and related parameters 
Name Material Parameters 
Flat plate collector Anodized coating, Striped plate core, Aluminum alloy frame, Toughened glass, Thick rock wool 
L×W×H=2350×800×80mm, 
Ac=1.73m2,Į=0.93,İ=0.35  
Jacketed tank Pressurized, Enamel interior, Polyurethane insulation layer 
Liner thickness1.8mm, Measured 
volume 99.05 L, Polyurethane thickness 
50mm 
Circulation pipe Stainless steel bellows, Thermal insulation cotton  DN15, Total length 1.8m, Thermal insulation cotton thickness 15mm 
Bracket Angle steel Tilt angle 70° 
The hot water system was exposed to the sun for 8 hours and the water was mixed after the 8 hours evenly, and 
the final average water temperature et in the tank was recorded. The heat gain test ended. 
In the test procedure, the data acquisition instrument recorded water temperature, solar irradiance; ambient 
temperature and wind speed with 10s periodicity.  
The heat gain of the solar water heating system is calculated as follows: 
( )p e b
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                                                                     (1) 
The thermal performance of solar water heating system is determined predominantly by the average daily 
efficiency [8]. 
Average daily efficiency of the solar water heating system dK  is calculated as follows: 
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The experimental procedure for determining the average heat loss factor of the water heating system was as 
follows.  
At 20:00 in the evening, the water in the tank was mixed, and if the water temperature was higher than 50ć, the 
initial average temperature it  in the tank was recorded.  
The water heating system was left undisturbed during the night for eight hours, after which the water was mixed 
evenly at 4:00 am the next day, and the final average water temperature ft  in the tank was recorded. The average 
heat loss factor experiment then terminated. 
In the test procedure, the data acquisition instrument recorded water temperature; ambient temperature and wind 
speed with 10s periodicity.  
The heat preservation performance of the solar water heating system was determined by the average heat loss 
factor. 
The heat loss coefficient of the storage tank is calculated as follows: 
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The average heat loss factor of solar water heating system is defined as follows: 
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3. Results and Discussion 
3.1 Heat gain and average daily efficiency 
The test data was obtained for 13 sunny days from January to December in 2013, and the test results for the heat 
gain test of the solar water heating system are shown in table 2. 
Table2. Test conditions and relevant thermal performance parameters 
Test Date bt  et  aT  v  H  aH  sQ  dK  
2013/01/18 19.73 39.48 1.84 0.42 17.36 10.95 4.73 27.27 
2013/01/19 19.84 39.50 4.97 0.45 16.01 10.35 4.71 29.44 
2013/03/04 19.57 48.30 15.58 0.63 19.37 16.28 6.89 35.56 
2013/03/06 20.17 52.13 22.34 0.27 19.40 15.75 7.66 39.49 
2013/05/16 20.60 47.82 21.75 1.20 16.67 19.38 6.53 39.14 
2013/08/06 19.93 52.10 38.72 0.00 15.98 19.71 7.71 48.26 
2013/08/07 19.99 54.30 39.18 0.00 16.05 21.14 8.22 51.25 
2013/08/08 20.02 52.50 35.26 0.00 15.63 20.36 7.79 49.82 
2013/09/26 19.65 58.00 25.58 0.00 21.31 18.89 9.19 43.14 
2013/10/11 19.90 58.70 26.23 0.34 21.35 16.49 9.30 43.57 
2013/10/25 19.87 51.50 17.96 0.40 18.47 14.09 7.58 41.05 
2013/11/22 19.30 45.50 14.73 0.00 16.11 10.20 6.28 38.99 
2013/12/31 20.20 47.70 10.59 0.00 17.71 9.67 6.59 37.22 
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The ambient temperature aT ranged from 1.84ć to 39.18ć, total radiation on the horizontal surface aH ranged 
from 9.67 MJ/m2 to 21.14 MJ/m2, total radiation on the inclined surface at 70, H ranged from 15.63 MJ/m2 to 
21.35 MJ/m2. The total radiation on the inclined surface received in the solar water heating system throughout the 
year was large and well balanced during the year. 
From January to December, the heat gain of the solar water heating system varied from 4.71 MJ/m2 to 9.30 
MJ/m2, with the changing trend of increasing through spring and summer and then decreasing through autumn and 
winter. Average daily efficiency varied from 27.27% to 51.25%, with the changing trend of increasing firstly and 
then decreasing. System average daily efficiency with time and ambient temperature is shown in Fig. 2. 
 
Fig.2 Average daily efficiency with time and ambient temperature 
 
Fig.3 Fitting curve of average daily efficiency with ambient temperature 
System average daily efficiency was affected by solar irradiance and ambient temperature. On sunny days, the 
solar irradiation changed little, and in this case, the system average daily efficiency was affected by the ambient 
temperature. According to the 13 sets of data in table 2, the fitted curve is shown in Fig. 3. The average daily 
efficiency increased with the increase of ambient temperature with correlation coefficient R = 0.93, the linear 
relationship of both can be expressed by the following formula: 
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28.03 0.58d aTK   (5)
When the ambient temperature rises, the temperature difference between the absorber of flat plate collector and 
ambient temperature is reduced, so the convective heat transfer between glass cover and absorber reduced and 
collector efficiency was improved. 
In addition, it was found that total radiation of horizontal surface aH  and total radiation of inclination surface 
with 70eH were determined by the change of the local solar elevation, the solar elevation change in Lianyungang 
was shown in Fig. 4. 
 
Fig4. Solar elevation changes of Lianyungang with time  
3.2 Average heat loss factor 
The test data was obtained from 14 nights of testing from February to December in 2013, and the test results of 
the average heat loss factor of the solar water heating system are shown in table 3. 
Table3. Test data of heat loss 
Test Date (av)ast  it  ft  ǻt v  SLU  
2013/02/22 1.92 53.20  49.20 4.00  0.18 11.81 
2013/03/04 5.27 55.71  51.60 4.11  0.28 12.36 
2013/03/28 6.85 50.10  46.80 3.30  0.00 11.54 
2013/04/07 9.92 52.90  49.40 3.50  0.00 12.35 
2013/05/13 22.30 52.30  49.70 2.60  0.02 13.18 
2013/05/14 20.75 50.20  47.80 2.40  0.15 12.36 
2013/06/20 22.79 53.10  50.60 2.50  0.02 12.51 
2013/08/06 31.25 50.50  48.90 1.60  0.00 12.62 
2013/09/16 21.38 53.30  50.60 2.70  0.50 12.85 
2013/09/26 14.19 52.54  49.50 3.04  0.00 12.01 
2013/10/11 17.32 55.40  52.40 3.00  0.26 11.93 
2013/10/25 16.36 54.80  51.90 2.90  0.10 11.40 
2013/11/22 8.23 53.30  49.40 3.90  0.00 13.16 
2013/12/30 1.54 51.90  48.10 3.80  0.00 11.41 
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
Fig.5 average heat loss factor change with the time 
As seen from Table 3 and Fig.5, with the increase of ambient temperature, ǻt decreased. The minimum 
temperature drop of the water tank ǻt was 1.60ć. Assuming that the coefficient of thermal conductivity of the 
thermal insulation layer is constant, according to a round tube heat transfer model, it can be calculated that when the 
temperature difference between hot water temperature and the ambient temperature is smaller, and the cooling 
intensity of the water tank is smaller, the water temperature difference ǻt is smaller. The average loss factor of the 
water heating system changed little throughout the year, the average loss factor was (12.25±1) W/ (K•m³). 
In addition, when a solar water heating system is hung on a balcony wall, there may exist some degree of reverse 
slope in the fluid cycling pipes between collector and tank. So the influence of slope on the heat gain of 
system sQ was studied. 
3.3 Cycling pipe slope influence 
In order to study the effect of different slope on heat gain of a solar water heating system hung on a balcony wall, 
we selected 3 sets water heating systems with same specification for the comparison test, but the circulation pipes 
were installed as shown in Fig.6 a, b, c. The test dates were August 6, 2013 to August 7, 2013. The solar water 
heating system shown in Fig.6 d was the sample for the thermal performance test throughout the year and the 
circulation pipes were smooth. Test data is shown in table 4. 
Table 4. Test results of circulating pipes with different slopes  
Run 
number Test Date bt  et  aT  v  H  sQ  
a 2013/8/6 19.86 52.06  38.72 0.00 15.98 7.72 
b 2013/8/6 19.93 51.57  38.72 0.00 15.98 7.58 
d1 2013/8/6 20.05 52.10  38.72 0.00 15.98 7.68 
c 2013/8/7 20.07 54.19  39.18 0.00 16.05 8.18 
d2 2013/8/7 19.99 54.30  39.18 0.00 16.05 8.22 
From table 4, within the accepted test error, the effect of different slopes of the circulation pipes on the heat gain 
sQ of the solar water heating system hung on a balcony wall was small; the maximum deviation of heat gains being 
0.14MJ/m2. When circulation pipes had some reverse slope, an air lock formed easily in the pipe bend. In order to 
eliminate the influence of this on the test results, gas in the circulation pipes should be drained away before testing. 
Ideally the circulation pipes should be installed with no reverse slope. 
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a. The upper circulation pipe with reverse slope (August 6) 
 
c. The lower circulation pipe with reverse slope (August 7) 
 
b. Upper and lower circulation pipes with reverse slope (August 6) 
 
d. Circulation pipeline without reverse slope 
Fig.6 Circulating pipes with different slopes  
4. Conclusion 
The total radiation received on the inclined surface of the solar water heating system hung on a balcony wall 
throughout the year was large and well balanced.  
The heat gain of the solar water heating system hung on a balcony wall was affected by the solar irradiance and 
the ambient temperature greatly.  
The heat gain and the average daily efficiency of solar water heating system hung on a balcony wall increased 
with the increase of ambient temperature.  
With the increase of ambient temperature, the temperature drop of the water tank ǻt decreased, but the average 
loss factor of the hot water system changed little throughout the year. 
In addition, the influence of different slopes of the circulation pipes on the heat gain of solar water heating 
system hung on a balcony wall was small. 
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